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SUMMARY 

The development of a magnet ical ly  focused, uv s e n s i t i v e ,  
image converter  tube i s  descr ibed.  Included i s  a d e s c r i p t i o n  
of envelope design, cathode c h a r a c t e r i s t i c s ,  t e s t  r e s u l t s  and 
packaging d e t a i l s .  

The b a s i c  design goa ls  of high r e s o l u t i o n ,  l i n e a r i t y  and 
"so lar  bl indness"  have been met by t h e  proposed design. 
r a d i a n t  ga in  was lower than a n t i c i p a t e d  due t o  t h e  use of t h e  
high r e s o l u t i o n  phosphor. 

The 

4 The 10 d i f f e rence  i n  response between 1216 2 and 3000 2 
was achieved w i t h  a C s I  photocathode; some improvement i n  
s o l a r  bl indness  could be obtained by using K B r  cathodes a t  some 
s a c r i f i c e  i n  peak Q.E. a t  1216 8. 
output  window would make poss ib l e  more v e r s a t i l e  o p t i c a l  
coupling t o  o t h e r  readout devices.  

The use of a f i b e r  o p t i c  
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INTRODUCTION 

The development of an Image Converter Phototube for the 
Far Ultraviolet is described. This tube has high resolution 
capability and to meet this requirement uses magnetic focusing. 
A solar blind photocathode of CsI is employed to achieve lo4 
attenuation of 3000 2 response contrasted with the high uv 
quantum efficiency at 1216 8. 
achieved without adversely degrading the linearity of the output 
image. 

Compactness of packaging was 

1. TUBE DESIGN 

1.1 Envelope Design 

The specifications of resolution at 50 lp/mm minimum 
and plano-parallel surface window configuration determined 
the need for a magnetic focus tube design. In addition, at 
the operating voltage of 20-30 kv required for adequate 
gain, some method of achieving a uniform potential distri- 
bution along the axis of the tube was dictated to provide 
linearity and prevent envelope wall charging. The obvious 
means of achieving this latter requirement was the use of 
the parallel kovar-glass ring design outlined in the original 
proposal. The mechanical fabrication techniques have been 
perfected for the EMR photomultiplier tubes and the design 
make possible a very rugged, mechanically reliable tube. The 
image converter tube design as initially conceived was based 
on a 1 kv potential gradient per ring which would require 
19 rings for 20 kv operation. Since it was assumed that 
dividing resistors would be required to establish the proper 
voltage gradient along the rings, 80-500 volt resistors would 
be needed to divide 20 kv with a 100% safety factor. On the 
basis of resistor reliability, this design concept appeared 

- 1 -  



undes i rab le  and an  a l t e r n a t i v e  method was sought t o  achieve 
t h e  proper vol tage  d i s t r i b u t i o n .  It was on t h i s  b a s i s  t h a t  
some e f f o r t  was devoted t o  achieve an  i n t e r n a l  vo l t age  
d i s t r i b u t i o n  by means of evaporated m e t a l l i c  r i n g s  bridged 
by an evaporated r e s i s t i v e  a r r a y .  This e f f o r t  was i n  p a r a l l e l  
wi th  t h e  kovar-glass r i n g  design e f f o r t .  Some success  was 
achieved w i t h  t he  i n t e r n a l  r e s i s t o r  design but  a t  t h e  time 
t h i s  technique was developed i t  was determined t h a t  r e s i s t o r s  
were no t  requi red  f o r  vo l tage  d i v i s i o n  along t h e  kovar r i n g s  
and no f u r t h e r  e f f o r t  was devoted t o  t h e  evaporated technique. 
The vo l t age  d i v i s i o n  i s  accomplished by t h e  inhe ren t  resis- 
t i v i t y  of t h e  7052 g l a s s  spacer  r i n g s .  

Once the  b a s i c  design concept was e s t ab l i shed  i t  was 
only necessary t o  e s t a b l i s h  a length  which would provide 
proper vo l t age  i n s u l a t i o n  between r i n g s  and permit opera t ion  
a t  20-30 kv. Experimental tubes w e r e  cons t ruc ted  t o  eva lua te  
5 ,  7 and 9 r i n g  s t r u c t u r e s ;  w i t h  da ta  obtained on these  tubes 
the  f i n a l  design was e s t ab l i shed  a t  7 r i n g s  and an o v e r a l l  
l ength  of 3 . 6 6  inches.  A c ross - sec t ion  of t he  envelope i s  
i l l u s t r a t e d  i n  Figure 1. 

1 . 2  Window Support and Sea l  

The L i F  window s e a l i n g  technique using s i l v e r  ch lo r ide ,  
a s  used on the  uv photomul t ip l ie r  tube,  was used without  
modif icat ion.  No t roub le  was experienced i n  t h i s  a r e a .  An 
a d d i t i o n a l  r i n g  was added t o  t h e  photocathode window support  
t o  achieve a uniformly f l a t  p o t e n t i a l  f i e l d  beyond the  a c t i v e  
cathode diameter t o  minimize non-l inear  d i s t o r t i o n  a t  t h e  
cathode su r face .  E l e c t r o s t a t i c  f i e l d  p l o t s  v e r i f i e d  the  
expected advantages t o  be gained by the  a d d i t i o n  of t h i s  f i e l d  
f l a t t e n i n g  r i n g .  The improvement can a l s o  be observed i n  
comparison of tubes made with and without t h e  r i n g .  

1 . 3  Lithium Fluor ide  Window 

The f i r s t  tubes assembled used cleaved LiF windows s ince '  
u l t ima te  r e s o l u t i o n  was no t  needed i n  t h e  e a r l y  development phase.  
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A s  the development progressed, increased attention was devoted 
to the window configuration and transmission. The cleaved 
windows had transmissions of 50-52%. The first polished 
windows varied in transmission between 40 and 44% at 1216 8, 
and there was some suspicion that the polishing operation was 
in some manner causing reduced transmission. 
used were polished on one side only and the transmission of 
these crystals varied between 5 1  and 54% at 1216 8. 
three cleaved crystals were initially measured at 64-68%, 
returned for polishing of one side and subsequent transmission 
measurements indicated a transmission improvement to 66-70% at 
1216 8. 
used determines the transmission of windows cut from it. 

The next crystals 

Recently 

This would indicate that the particular LiF boule 

1.4 Phosphor Output 

1.4.1 Resolution 

The resolution requirement for this tube dictated 
the use of the highest resolution P-11 phosphor avail- 
able. Experience gained with the use of Reidel-de Haen 
phosphor indicated capability of 100-120 lp/mm at some 

size. Measurement performed on a typical plate used on 
the uv converter tube indicated 112 lp/mm. 

sacrifice in efficiency because of the smaller I I  grain" 

1 .4 .2  Phosphor 

A P-11 phosphor is used in the uv image converter. 
This phosphor is composed of 2nS:Ag and has a nominal 
efficiency of 10%; however, the use of the Reidel-de Haen 
material to achieve high resolution results in a lower 
efficiency because of the finer grain size. A s  shown in 
Figure 2, the spectral response is peaked at 4600 8. 
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2. TUBE PROCESSING 

The uv converter tubes are processed on a vacuum manifold 
pumped by both a Vac-Ion and Hg diffusion pumps. The silver 
chloride window seal limits bakeout temperature to 3OOOC which 
is performed overnight for a total of 15 hours. Photocathode 
processing is performed at approximately 1 x l om9  Torr. 
tube is operated with voltage after the nickel substrate deposition 
and after final photocathode processing. Tube aging is performed 
progressively from 10 kv to 30 kv for a 30-minute period. No 
detectable gas evolution is noted ‘during tube aging and normally 
no spurious background o r  flashing is seen. The on-system aging 
permits evaluation of image linearity. 

The 

3. TUBE TEST 

3.1 Spectral Response 

During the initial development stages of this project, 
the CsI cathodes were processed for maximum response at 2537- 
3000 2 to facilitate testing. The spectral response curves 
of all three tubes measured are shown in Figure 3-a,-b, -c. 
The longer wavelength response can be controlled during 
processing, and it was determined that extreme solar blindness 
could be achieved by keeping the nickel substrate as thin as 
possible yet continuous to the extreme window edge for electrical 
contact. The tube is operated after nickel deposition with uv 
illumination to determine that complete coverage of the photo- 
cathode surface has been achieved. Processing of the final 
tubes (D-930 and D-931) indicate the feasibility of meeting 
the design goal that 3000 8 response be down by a factor of 
lo4  or better from the 1216 2 figure. 
3.2 Resolution 

Operation of the first processed tube indicated that 
resolution measurements would be difficult because of the 
lower sensitivity at the uv wavelengths suitable for non-vacuum 
opera tion. 
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The photocathode window thickness of 3.8 mm precludes 
the possibility of using the test pattern against the window 
with collimated uv radiation because at a distance suitable 
to eliminate image spread the uv is too weak to permit visual 
observation. 

Various combinations of uv sources, quartz-sapphire lens, 
and parabolic collimators were tried to increase the uv inten- 
sity at 1849 8 - 2537 a without success. 
to process a tube with a Rb2Te photocathode to obtain sufficient 
sensitivity at 2537 2 air path to permit resolution measurements. 
This tube, designated D-933, made possible resolution measure- 
ments using the equipment as illustrated in Figure 4 .  Resolution 
as a function of resolution pattern position on the cathode was 
measured and is illustrated in Figure 5 .  These measurements 
were performed by reducing the aperture of a 1/2" diameter 
quartz plano-convex lens to 1/16". Visually element 4 of 
group 5 was resolved (2 x 45.6  = 9 1  lp/mm). 
without the aperture was degraded to the extent that proper 
resolution could not be obtained because of the poor optical 
image. A 2:l image minification was realized so  that the 
bimetal resolution test pattern was not limiting. A reproduc- 
tion of the test pattern and description is included in the 
appendices (Figures I through IV). Microphotographs were 
taken by means of a lensless shutter attachment to a Polaroid 
camera using Polaroid type 510 film (ASA 10,000). 

It was then decided 

The image quality 

These photographs, because of the low light level involved, 
do not reproduce the resolution visually seen through the micro- 
scope. Typical photographs are shown in Figure 6. 

3.3 Linearity 

The equipment used for resolution measurement was also 
used in linearity measurements. The resolution test pattern 
was replaced by a screen pattern having a "cross" pattern at 
the center. The microscope is equipped with a reticule which 
permits centering of the cross pattern image. The tube was 
moved with respect to the fixed light spot image-microscope 
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combination s o  that image rotation and non-linearity could be 
measured on a point-by-point basis. Since the screen pattern 
dimensions are known, displacement of the image in rotation, 
magnification, or non-linearity can be measured. A micro- 
photograph of the test pattern is illustrated in Figure 6 and 
in photographs of operating tubes shown in Figure 7 .  

Linearity data for tubes D-930 and D-931 operated in 
the permanent magnet is shown in Figures 8 through 11. 

3.4 Gain 

Gain has been measured two ways: (1) by a multichannel 
analyzer readout of single electron events from a photomulti- 
plier tube coupled to the phosphor output plate and (2)  by 
ratio of photocurrents of a photomultiplier coupled to the 
image tube. The accuracy of Method 1 is in question because 
of poor channel resolution and the decay time of the P-11 
phosphor involved. The results obtained in Method 2 are 
outlined in detail. 

Radiant gain, Gr, of the uv image converter tube was 
calculated from photocurrent measurements made on a coupled 
photomultiplier-uv image converter tube combination. The 
photomultiplier tube (D-716) was an EMR Model 541E-05M having 
a trialkali photocathode with a response peak of .084 A/W at 
4100 8.  (Response curve included in Appendix VI). 
converter tube was exposed to 2537 incident radiation from 
a pen-ray lamp. The relationship of Gr, Gp (photon gain) and 
Ge (electron gain) is outlined below: 

The uv image 

- Output in watts at a given A in Angstrom units Gr - input in watts 

where 0 is the uv cathode output in A/W at 1216 8 k 

i. c is the phosphor efficiency in W/W. 
V,ff is the uv image tube effective acceleration voltage 
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photons out  - a t  a given A i n  Angstrom u n i t s  

= m  - Gr A i n  

GP - photons i n  

h out  4500 8 c -  = Q.E. Veff 

e l ec t rons  from uv image conver te r  tube 
e l ec t rons  from photomul t ip l ie r  cathode 

Ge = 

t -.: 0.850 = 'eff 2 

where t = t h e  coupling f a c t o r  (uv tube t o  photomul t ip l ie r )  
was measured a s  being 0.6 

-+ 
%- 

= phosphor e f f i c i e n c y  i n  W/W 

MS = s p e c t r a l  matching f a c t o r  computed from s p e c t r a l  
curves of P-11  phosphor and photomul t ip l ie r  tube 
(D-716) = 0.850 

0-2 = photomul t ip l ie r  tube cathode response a t  
4100 a = .084 A/W 

. $ - -  Ge . . \.. I - 
V x .043 

Values of Ge, G r  and Gp f o r  t h e  uv image conver te r  tubes a t  
var ious opera t ing  vol tages  a r e  t abu la t ed  i n  Figure 1 2 .  
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4 .  PACKAGING 

4.1 Potting 

One of the design goals was to maintain minimum length 
and diameter consistant with the primary objectives of reso- 
lution and linearity. The tube dimensions achieved permit 
an overall package including photomultiplier magnet of 4'' 
nominal diameter and 4-1/2" length. 
between the kovar ring O.D. to bring both leads out the phos- 
phor end of the tube. The lead insulation has been tested 
at 50 kv and by use of "flying leads" voltage breakdown and 
corona problems are eliminated in the vicinity of the tube. 

Sufficient space exists 

A fiberglass housing with end caps is used to contain 
the silastic potting material and sufficient spacing is 
available around the rings so that adequate voltage insula- 
tion is provided between the rings and permanent magnet to 
permit 50  kv operation. 

4.2 Magnet 

Initial testing was performed using a solenoid type 
magnet permitting continuously variable magnet field 
strengths to 450 gauss. With an overall tube length of 
3 .5 "  and recessed input and output windows, magnet edge 
effects are minimized with the 6" long solenoid. A l s o ,  
since the image size is 1" diameter, variations in the 
paraxial field of the 3" magnet are not severe. 

In making the transition to the permanent magnet 
there are dimensional limitations because of magnet avail- 
ability without resorting to special order magnets. 
most promising magnet appeared to be a ring configuration 
consisting of two 2" long cemented rings having an O.D. of 
4" and an I.D. of 3". Two such magnets were ordered at a 
paraxial field of 175 gauss. Field strength test of these 
magnets using a precision gaussmeter indicated a 550 gauss 

The 
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f i e l d  i n  the cen te r  which dropped r a p i d l y  t o  30-50 gauss 
a t  t h e  edge. Poor l i n e a r i t y  was obtained during opera t ion  
of image tubes i n  these  magnets. One magnet was separa ted  
by heat ing t h e  epoxy cement. Various lengths  of co ld  r o l l e d  
s t e e l  r i n g s  were i n s e r t e d  between the  two halves  and 
improved opera t ion  was a t t a i n e d  with a 1/4" t h i c k  s e c t i o n .  
The measured f i e l d  s t r e n g t h  was s t i l l  too high a t  250 gauss 
f o r  1st node opera t ion  and 2nd node opera t ion  was obtained 
on tubes operated i n  the  permanent magnet conf igura t ion .  
A p l o t  of magnet f i e l d  s t r e n g t h  i s  shown i n  Figure 13. 

CONCLUSION 

On t h e  b a s i s  of t es t  r e s u l t s  obtained on completed tubes,  t he  
design ob jec t ives  were e s s e n t i a l l y  met. The p a r a x i a l  r e s o l u t i o n  
requirement of 50 lp/mm was exceeded but  a t  t h e  expense of some 
reduct ion  i n  ga in  which i s  a r e s u l t  of t h e  use of a high r e s o l u t i o n  
phosphor. T h i s  i s  an a rea  where t r ade -o f f s  between r e s o l u t i o n  and 
ga in  can be v a r i e d  t o  achieve t h e  des i r ed  ob jec t ives .  

A quantum e f f i c i e n c y  of 10% was r e a l i z e d  a t  1216 a w i t h  a 10 
reduct ion  i n  response a t  wavelengths of 3000g and longer using a 
C s I  photocathode. 
and opera t ion  t o  30 kv i s  poss ib l e  wi th  t h e  proper magnet: 

4 

Completed tubes were f r e e  of spurious background 

Overal l  package dimensions a r e  w e l l  w i th in  the  design ob jec t ive  
of a maximum 6" diameter and 6" length .  
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Fig. 6 (a> 
D-930 P.W. a t  1s KV 

L inea r i ty  Test P a t t e r n  
Scale: lcm = .21Smm 

Fig, 6 (b) 
D-931 P.W, a t  16 KTT 

L inea r i ty  Test P a t t e r n  
Scale: Icm = .215m 

Fig. 6 ( e >  
D-933 P,M. a t  20 KV 

AF Resolution Test Pa t t e rn  
Visual Resolution 91 LP/m 

ASA 10,000 Film a% 5 see. exp, 
Ca.mera Bellows Extended 

FIGURE 6 

Fig, 6 (d 
0-933 P.M, a t  20 RTI 

AF Resolution Test P a t t e r n  
Visusl Resolilt-ion 91 W/mm 

ASA 10,000 Film a t  3 sec. exp, 
Gemera Close t o  Efcroseope 

MICROPHOTOGRAPHS OF OPERATING 



Fig, 7 (a) 
Tube D-933 Rb2Te 

Operation a t  20 KV 

Fig, 7 (b) 
at ion a t  20 XV 
thout  s i d e  l i g h t  

P 
f 

Operation at 

FIGURE 7 
PHOTWXAPHS OF OPERATING TIJBES 

ON TEST PATTERN 
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P R E P A R E D  B Y  

NOMENCLATURE AND SPECIFICATIONS 

1ntervd-a line or a space. 

Unit+ line and the adjacent space. 

Pattern--three lines and two included spaces. 

Uement-an arrangement of two paitems sef at right 
. angles to each other and separated by one unit 

width. 

CROUP -2, 

Sn+erval= .07874 
Unit = .I5748 

Elomont .94488 x .3937 

( 1 )  
36 lid m/m- 

Interval = .07014699 
Unit = .I4029398 

Elomont ,84176388 X ,35073495 

(2) 
,280626 li. m/m- 

2.. ., 

Interval E .06200488225 
Unit =z .I240097645 

Elemont .744058587 x .3 I Op244 I I26 I % 

(3) 
.)I7476 li. m/m - 

Interval E ,0552677766 
Unit =.I 105355513 .366176 li. m/m- 

Elomont ,6632 I33078 X .27633887826 

(4) 

lntewal= .0492864296 
Unit = .WE5728592 

(51 

Uomont ,695914371662 X -246432148 

Interval==: .04419126726 
Unit = ,0883025345 

161 
M546 1;. m/m -1 a 

Elomont ,6302962124 X 2209663386 

The proportionalify of the line and clement dimensions 
i s  given by the ratio of tho unit widths of hvo subso- 
quent elements. This ratio shall bo tho sixth root of two. 
At the head of every group shall bo a group numbor 
indicating the number of li/mm of the largost paitorn 
within the group in terms of powers of two. For 
example, a group number K-3 shall indicato oight 
li/mm for the largest pattern of this grobp. The group 
numbers shall be whole numbers, for example-I, 0, 1 
etc. Within a group, every element shall be dosignated 
by an element number n=i (number i belonging to 
the largesf element] through number 6 (numbor 6 
belonging to the smallest element). The resolving 
powqr R represented by the element n of group K of 
the target can then be calculated from the equation. 

R=ZK plus n- I 

4 
- 

Thus element I of group -2 has 0.25 li/mm, element 
' lof group -1 has 0.5 li/mm, and element 1 of group 
0 has I li/mm. 
The range of the target shall include ten target groups 
,from 0.25 fo 227.5 li/mm or from group -2 to group 
7. 

interval = .03937 
Unit = .07874 

Elommt .47244 X .I9685 

,I) 
.50 li. m/m - 

Interval= .03507349666 

Eloment .4208819598 X . I  7536748326 
A6125 li. m/m- Unit = AI701469933 

(21 

,. .. . -  ..-.. . a d . .  

Interval = .03 I002441 I 
Unit = .0620048822 

Element .3720292932 X .I 550122055 

(3) 
.63495 li. m/m- 

I Elemont .33 I6066536 X . I38 169439 

(41 
,71236 li. m/m- 

l.nterval= .0276338878 
Unit = .0552677756 

Interval = .0246432148 
Unit = .@I92864296 

Eloment .2957185776 X ,123216074 

(6) 
.7908 li. m/m - 

. .  

lntorval= .0220956336 
Unit =.W41912672 A909 li. m/m - 

Elemon+ 1651476032 X . I  10478168 

(6) 

- .  



. APPENDIX I11 

CROUP f 0 

Interval = .019685 1 Elemont ,23622 x .098425 

Unit = .03937 
( 1 1  
I li. m/m 

Interval = .01753674832 
Unit = .03507349665 

Elemont .2104409799 X .087683741625 

(2) 
1.1226 li. m/m -_ 

Interval = .01550122056 
Unit = .03 I00244 I I 3  

Eleman4 .18601464678 x .077506102825 

(3) 
1.2599 li. m/m -_ 

Interval = .01381694391 
Unit = .02763388783 1 Elrment .I6580332698 X .069084719576 

(4) 
1.4142 li. m/m - 

V 

Interval = .01232160741 
Unit = .02464321402 

Elrmrnt ,14786928892 X ,061 60803706 

(6 )  
1.6874 1;. m/m - 

Element . I  3257380172 x .06623908405 

( 6 )  
1.7818 li. m/m- 

Interval = .01104781681 
Unit = .02209563362 

CROUP 4- 2 
I 

I ( Element ,059065 X .02460625 

Elrmrnt .OS261024496 X .02192093W . 
(2) 

4.49 ti. m/m - lntervd = .00438418708 
Unit = .00876837416 

5.0796 li. m/m- 
Element .04650366168 X .019376!267 

(3) !ntervel=: .00387530514 
Unit = .00775061028 

lntervas = ,003454236975 
Unit = .00690847196 i Element ,0414508257 X .017271177378 

(4) 
5.6988 1;. m/m - 

Interval = .00308wOI 85 
Unit = .0061608037 

Interval =: .0027619542 
Unit = .0066239084 

Uemrnt .033I434SM X .013809771 - 
(61 , 

7.1272 1;. m/m- 

GROW 3.1 

interval = .0396425 
Unit = .OICiodS 

Interval = .00876837416 
Unit = .01753674832 i Eloment .I0522048992 x A43841 8708 

2.245 1;. m/m- 

lntorval= .00775061028 
Unit .01550122056 

Ebment .0900732336 X .0387530514 
2.5398 li. 

(31 

Interval = .006908471Y5 

Uomont .08290l66346 X .034542359776 

2.8494 1;. m/m- Unit= .01381694391 

Interval= .0061608037 
' Unit = .01232160741 1 Eloment .07392?;4446 X .030804018526 

3.1952 li. m/m- 

Interval = .0055239084 
Unit =.OII0478l681 v i Element .06628690086 X ,02761 9542026 

(61 
3.5636 li. a / m  - 

OROUP 4- 3 
4 

Interval = .002460625 
Unit = .00492 I26 

Element .0295276 >(: .012303126 

lntorval= .002192093641 
Unit = .0043843418708 

1 (11 
8 li. m/m , 

8.98 li. m/m - 
Element .02630512248 x ,0109604677 

Interval = .001937652571 
Unit = .003875305142 1 Element .023251830852 X .009608262855 

(31 
10.1692 li. m/m - 

Interval .001727117939 
Unit = .003454235979 1 Element .020725416874 X .0086355899476 

(4) 
. I 1.3976 li. m/m .- 

interval = .OO I540200926 
Unit = .003080401852 

EIemont.01848241 I I I 2  X .00770100463 

(5) 
12.7808 Ii. m/m - 

Interval = .001380977101 
Unit = .002761954203 I Element .0166717252i8 X .0069048865076 

(6) 
14.2644 I& m/m - 



APPENDIX IV 

OROU?S4 

Interval = .0012303125 

EIemrnt.01476375 X .00616l5625 

Unit = .002460625 
(11 
16 li. m/m 

Interval = .00109604677 
Unit = .002192093541 

EIoment .013162661246 X .0054802338526 

(2 )  
17.96 li. m/m - 

Interval = .000963026285 
Unit = .001937652571 1 Elomrnt.011626916426'X .0048441314275 

[31 
20.3184 li. m/m - 

Interval = .00096355S994 
Unit = .001727117989 

Eloment .010362707934 x .0043 I77949716 

(41 
22.7952 li. m/m- 

interval = .000770100463 
Unit = .001540200926 I Elemmt .009241205656 8 .003850502316 

(51 
26.5616 li. m/m - 

Interval = .000690488550 
Unit = .001380977101 

Elomont .008286820606 X .0034524252526 

( 6 )  
28.6088 1;. m/m - 

GROUP+& 

Interval = .000307578126 
Unit = .00061516625 

Element .0036909376 x .001637890626 

I l l  
64 li. m/m 

interval = .000274O I I6925 
Unit = .00054802338S 1 Element .003288 1403 I X .0013700504626 

(2) 
71.84 li. m/m - 

Interval'= .000242206571 
Unit = .000484413142. 

Elomont .002906478862 X .001211032855 

31 
81.2736 li. m/m - 

Interval = .0002 I68897485 
Unit = .00043 17p497 

Element 802690676982 X 801 0794487426 

(4) 
.91.1808 li. m/m - 

1 Ebmmnt .0023 10301389 X .00096262667876 

(6) 
102.1464 li. m/m 

Interval = .0001925251157 
Unit = .00038505023 I5 

Interval = .0001726221377 
Unit = .0003452442764 

Ebmont .OQ20714666624 X ,000863 1106886 

( 6 )  114.0362 li. d-1 

OROW + 6 

Interval = .Goo61516626 
Unit =.0012303126 

Oement .007381876 X .00307676126 

(11  
32 li. m/m -- 

Interval = .0(;0548023385 
Unit = .00109604677 

Uomont ,00667628062 X .002740116926 

Intonal= .00M844131426 
Unit = .000966026285 

1 
I 

(2) 
35.92 li. m/m-.. 

* Element .00581295771 X .0024220657126 

(3) 
40,6368 li. m/m..- 

Interval = .OOO43 1779497 
Unit = ,000863658994 

Eloment ,0061 8 I3063964 X .002 I588772486 

(4) 
46.5904 li. m/m- 

IntarVal= .00038505023 I S  
Unit = .Mx)770100463 1 Element .004620602778 X .0019252611676 

( 51 
61.1232 l i .  m/m- 

Interval = .000345244276 
Unit = .00069048856 

( Elemont .0041~?9313 X .001726221376 

GROUP + I  

Interval = .0001537890626 
Unit = .000307578126 

Uement .00184646876 X .0007699463 125 

( 1 )  
128 ti. m/m -. 

Interval = .0001370058463 
Unit = .00027401 16926 

Eloment .0016440701656 X .00068502923 IS 

(2) 
143.68 li. m/m I_ 

lntorval= .0001211032856 
Unit = .0002422065713 

.0014632394278 X .00060561642825 

(3) 
162.6472 1;. m/m - 

Interval = .0001079448743 
Unit = ,0002 I68897487 

Element MI2963384922 X .OW539724371 76 

(4) 
182.3616 li. m/m - 

Interval = .0000962625578 
Unit = .0001925251167 

(61 
204.4928 li, m/m I 1 Yemont .001 I661 606942 X .00048 I3 I278926 

Interval = .0000863 I 10688 
' Unit E .0001726221377 1 Element .0010367328262 X .@OM3 i 66634426 

( 6 )  
228.0704 Ii. m/m A 

Interval = .oooO65616666 
Unit r .00013123333 - .00078739998 X .006328083325 

I 4167479996 X .0066616666 




